In this experiment, DNA-ELISA biosensor was introduced, bearing the ability to detect specific bacteria in about 4 h. This is a more rapid system in comparison to conventional methods, like colony counting method. Moreover, this method does not require any amplification and directly detects genomic DNA of bacteria, giving a lower limit to the sensitivity of 40,000 bacteria. In this study, two specific probes capture (biotin labelled) and detector (dig labelled), were used against special regions of 16s rRNA gene of Escherichia coli ATCC 25922. The capture probe has the ability to trap the target bacterial DNA from a pool of other kinds of bacteria under specific conditions. The detector probe then was used to hybridize to the genome of trapped bacteria. The detection proceeds by adding HRP-anti dig enzyme and its substrate, ABTS to emit light. Light absorbance is measured for verifying the detection.
Introduction
Bacterial pathogens are distributed in soil, marine and intestinal tract of humans. Humans carry more than 150 kinds of bacteria 1 . Among these bacteria, some can have profound effect on humans and animals and may cause different infectious disease. Infectious disease account for nearly 40% of total 50 million annual estimated deaths [1] [2] [3] . Pathogen detection is the utmost significance for health and safety reasons. Among these pathogen bacteria, Enterobacteriaceae, especially Escherichia coli, involved in infectious diseases such as urinary tract infections (UITs). Escherichia coli is the most common and thoroughly studied model bacterium [4] [5] [6] [7] . The effective detection of bacteria needs method of analysis that meets a lot of challenging criteria. Time and sensitivity of analysis are the most important limitation, associated to the value of microbiological testing 1, 2 . Traditional approaches for analysis of E. coli have relied on cultural techniques and many selective-differential media that have been developed. These methods usually were based on a morphological evaluation of the microorganism and require growth of single cell in to a colony. This process is time consuming because making a colony containing 10 6 organism will take between 18 and 24 h even in some cases up to 72 h to obtain confirmed results 1, [5] [6] [7] . The steps of traditional methods involve, pre-enrichment, selective enrichment, biochemical screening and serological confirmation 1 . Molecular diagnostic experiments like PCR-based methods need fewer number of primary cell but they call for equipment and expert technical personnel. Besides, amplification of cells in PCR needs lot of time before screening [7] [8] [9] . For this reason, diagnosis of a pathogen always requires a rapid and low cost method. The DNA hybridisation technology has opened new trends for improving detection methods with more selectivity and less time and money consuming [9] [10] [11] . The goal of this study was to design a rapid, selective and sensitive method for pathogen detection. For this purpose, hybridisation of specific probe to the special complementary region of E.
coli gene was used in place of amplification. Detection occur directly from genome. Our approach is outlined in Figure 1 . In brief, after hybridisation of dig labelled probe to its complementary region of 16 s rRNA of E. coli ATCC 25922, the substrates' colour of HRP-anti dig (ABTS) turn to green so the presence of bacteria can be detected directly with faster speed.
Materials and methods

Bacterial strains
Bacterial species E. coli ATCC 25922 used for the test. For cross reaction these bacteria were used: Klebsiella pneumonia ATCC 70603, Staphylococcus haemolyticus PTCC 1437, Streptococcus pyogenes PTCC 1447, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27863, Proteus mirabilis ATCC 25933, Serratia marcescens ATCC 13880, E. coli PTCC1270, E. coli PTCC 1276. All the bacteria were obtained from Iranian Research Organization for Science and Technology (IROST). The bacteria were subcultured in Tryptic Soy Broth (TSB) and bacterial stocks were prepared by 70% glycerol. Bacteria were subcultured in Luria broth (LB) at 37 C overnight, until it gets the OD (600) of 1 that is approximately 5 Â 10 8 to 1 Â 10 9 cells/ml 4 .
DNA extraction
About 1-2 ml cultured bacteria were transferred in to 2-ml tube and the DNA of the bacteria extracted based on INTRON biotechnology company kit protocol (Korea). DNA concentration was adjusted to 240 ng/ml.
Probe and primer design
Two specific probes (capture and detector) for the special region of 16 s rRNA in E. coli ATCC 25,922 were selected based on the sequence reported by Joseph C. Lia Producing PCR product for PCR-ELISA test PCR was performed for 35 cycles. Samples were incubating at 95 C for 15 s to denature the DNA, then at 58 C for 30 s to annealed the primers and finally 72 C for 60 s to extend the annealed primers. Labelling of the PCR-generated fragment was performed with Digoxigenin-11-2 0 -deoxy-uridine-5 0 -triphosphate, alkali-stable kit (USA Roche company) by adding dig in PCR samples according to the manufacture's instruction.
Producing PCR product for developing detector probe 35-nucleotide detector probe did not result enough OD for detection so a it needs probe with more dig on it. For this purpose, PCR product was produced by using the aforementioned procedure and using the 35-nucleotide detector probe as reverse primer. The sample contains 16sf primer as forward primer, 35-nucleotide detector probe, template DNA and master mix.
PCR-ELISA test
The procedure of PCR-ELISA has been done by using the PCR-ELISA dig detection (Roche company) protocol. PCR product was incubated for 10 min in [15] [16] [17] [18] [19] [20] C in denaturation buffer contain NAOH. About 250 ml of mixture containing Capture probe and hybridisation buffer, was added to the former solution. Then the solution was added to the streptavidin coated wells and incubated for 3 h at 37 C with shaking. After aspirating and washing the wells three to five times with washing buffer, 200 ml of HRP-anti dig enzyme was added to the wells and incubate for 30 min in 37 C with shaking. Again wells aspirated and washed three to five times with washing buffer and 200 ml of ABTS solution was added. The absorbance of the solutions was measured in 405 nm after 30 min incubation in darkness.
DNA-ELISA test
The procedure of DNA-ELISA has been done by using the PCR-ELISA dig detection (Roche company) protocol. DNA and 309 bp detector probe were incubated for 10 min in [15] [16] [17] [18] [19] [20] C in denaturation buffer contain NAOH. About 250 ml of mixture containing Capture probe and hybridisation buffer was added to the former solution. About 200 ml of the solution including two probe, DNA and buffers was added to the streptavidin coated wells and incubated for 3 h at 37 C with shaking. After aspirating and washing the wells three to five times with washing buffer, 200 ml of HRPanti dig enzyme was added to the wells and incubate for 30 min in 37 C with shaking. Again wells aspirated and washed three to five times with washing buffer and 200 ml of ABTS solution was added. The absorbance of the solutions was measured in 405 nm after 30 min incubation in darkness (Figure 1 ).
Results
DNA-ELISA
Preparation of 300 bp, dig labelled detector probe A 35-nucleotide detector probe with just one dig at the end was used as primer. The presence of prepared 300 bp, dig labelled probe, was proved by the appearance the band on gel agarose. The labelled PCR product was a little upper than the unlabelled.
Optimizing the capture and detector probes To optimize the concentration of probes in the experiment, different dilution of probe as shown in Tables 1 and 2 for DNA-ELISA, were tested. The most reasonable which can create more colour in comparison to the concentration of probe, was detected for the experiment (Tables 1 and 2 ). For capture probe the concentration of 20 pm/ml was selected because as the concentration increases, the OD differences become lower. For detector probe the last concentration was selected because using more detector probe could unbalance the other concentration of solution. Also in this concentration we can get enough OD for detection.
Sensitivity
To determine the sensitivity of the tests serially diluted extracted DNA were prepared. Tenfold serial dilution of a known concentration (240 ng/ml) were used directly for DNA-ELISA test and as template for PCR-ELISA test. The detection limit of the E. coli detection was 0.024 ng/ml that is around 10 4 bacteria for DNA-ELISA (Table 3 ). The absorbance in this concentration was 0.14 that was upper than cut off value 11 for the test (0.11).
Evaluation of test with other bacteria and determine the specificity
To verify the specificity of the tests nine other bacteria that is more common in UTIs was subjected to the experiment. Equal concentration of extracted DNA of nine bacteria including two E. coli tested (K. pneumonia, S. haemolyticus, S. pyogenes, E. faecalis, P. aeruginosa, P. mirabilis, S. marcescens, E. coli PTCC1270, E. coli PTCC 1276). For the DNA-ELISA test, the extracted DNA was used directly. As shown in Table 4 the two E. coli were positive and has visible absorbance with green colour but other bacteria are negative and the colourless.
Assessment of repeatability of the test by inter and intra assays
The repeatability of the test was evaluated by inter-and intraassays (Table 5) . Triplicates of special concentrations in different times of a day for intra assay were tested by DNA-ELISA. The means of acquired OD for three days used for inter assay. The standard deviation and coefficient of variation of the test were calculated. Intra-assay coefficient of variations was 3.84-9.80% and intra-assay coefficient of variations were 5.26-7.14%, respectively.
PCR-ELISA
Optimizing the capture probes To optimize the concentration of probe in PCR-ELISA different dilution of probe as shown in Table 6 , were tested and the most reasonable one that can create more colour in comparison to the concentration of probe was detected for the experiment. For capture probe the last concentration was selected because using more detector probe could unbalance the other concentration of solution. Also in this concentration we can get enough OD 1 for detection.
Sensitivity
To determine the sensitivity of the PCR-ELISA serially diluted extracted DNA were used as template for producing PCR product. Tenfold serial dilution of a known concentration (240 ng/ml) was used for the test. The detection limit for PCR-ELISA was 0.0024 ng/ml that it is around 10 3 bacteria for the test (Table 7 ). The absorbance in this concentration was 0.5 that was upper than Cut off value 11 for the test (0.11).
Evaluation of test with other bacteria and determine the specificity To verify the specificity of the tests nine other bacteria that is more common in UTIs were subjected to the experiment. Equal concentration of extracted DNA of nine bacteria including two E. coli were used as template for preparing PCR-product (K. pneumonia, S. haemolyticus, S. pyogenes, E. faecalis, P. aeruginosa, P. mirabilis, S. marcescens, E. coli PTCC1270, E. coli PTCC 1276). The results show that just the DNA of two E. coli have ability to appear a band on gel so, they will have absorbance in PCR-ELISA test (Figure 2 ).
Discussion
A number of other studies have been carried out to detect pathogens 1, 2, 5, 12 . Detection of E. coli is important because, in most of UTIs cases, E. coli causes the disease 4 . In all the traditional and new methods exist for detection of this bacterium, molecular-based Concentration of capture probe: 10 pm/ml, concentration of detector probe: 400 ng/ml, concentration of DNA: 240 ng/ml. Concentration of capture probe: 10 pm/ml, concentration of detector probe: 400 ng/ml, concentration of DNA: 240 ng/ml. Serial dilution of DNA was tested. Concentration of capture probe: 10 pm/ml, concentration of detector probe: 400 ng/ml, initial concentration of DNA: 240 ng/ml. Nine common bacteria in UTI including 2 E. coli with PTCC number were subjected to the test. Absorbencies are shown in OD column. Inter-and intra-assays. methods are become widespread due to the sensitivity and specificity. Among the molecular methods, the ones which are based on hybridisation of probes, have been using more and more [13] [14] [15] [16] . Also using probe obtain reasonable specificity. Safe materials like fluorescent (real time PCR) and enzymes (PCR-ELISA) can be used instead of ethidium bromide in gel [17] [18] [19] [20] [21] . Methods like growing on culture and using microscope for detection are so long and takes at least 24 h. Besides, visual detection on microscope is not reliable. PCR-ELISA and real time also need expensive equipment and experts.
In current study, we introduced a novel "DNA-ELISA" method, bearing the ability to detect specific bacteria in about 4 h. The method offers simplicity, ease of use, minimal hand on time and does not need any special equipment and experts. Moreover, DNA-ELISA does not require any amplification and can directly detect genomic DNA of bacteria, giving a lower limit to the sensitivity of 40,000 bacteria. Although the detection limit for DNA-ELISA is much more than PCR-ELISA, it reduces the longevity of the detection by elimination the amplification step significantly. At present there is an ongoing effort to improve the sensitivity of detection limit. 
